Abstract A large cross sectional study, the Scottish Heart Health Study, of 10 359 men and women from 22 districts of Scotland was undertaken to try to explain the geographical variation of coronary heart disease mortality. Analysis by district showed that of the classic risk factors only cigarette smoking was strongly associated with heart disease mortality among both men and women. Mean diastolic blood pressure was weakly associated with rates among men and high density lipoprotein cholesterol showed a strong negative association among women. Total cholesterol showed a weak negative association with heart disease mortality, but, because the serum concentrations of cholesterol were uniformly high in all districts, a strong association with mortality would not be expected. In both men and women many dietary factors showed moderate or strong associations with mortality from coronary heart disease in a district-of these a low consumption of vitamin C was most notable. Other factors associated with heart disease included alcohol consumption and serum triglycerides among men, and obesity, physical activity, and serum triglycerides among women. Many factors associated with heart disease showed strong intercorrelations. Clustering of risk factors (including smoking, alcohol, and diet among men, and smoking, diet, and obesity among women) was associated with much of the regional variation in heart disease mortality in Scotland.
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Regional variation in coronary heart disease mortality has been investigated for many years in the search for clues to the causation of this disease. The early studies were largely of physical factors such as water hardness ' Correlations between the mean values of each variable for the districts and the district standardised mortality ratios for coronary heart disease were assessed by Spearman's rank correlation coefficient. Given that there were 22 study districts, coefficients larger than 0-425 were significant at the 5% level and those larger than 0-498 were-significant at the 1% level. Rank correlation was used to preclude difficulty with variables that were not normally distributed. The variables selected for inclusion in the multiple linear regression analyses were approximately normally distributed.
CORONARY HEART DISEASE MORTALITY Data on all deaths from coronary heart disease (ICD 410-414, 9th Revision) for the age groups 35-64 years and the period 1979-83 were obtained from the Registrar General (Scotland). We calculated standardised mortality ratios separately for each sex using 5 year age specific mortality rates where the standardised mortality ratio for the whole of Scotland is defined as 100.
Results
One major aim of the Scottish Heart Health Study was to determine the extent to which the major risk factors could explain the geographical variation of coronary heart disease in Scotland. This variation was described in a previous paper. 6 In brief it showed that mortality was in general high in the West and low in the East. Further, in west central Scotland there was a grouping ofeight districts with very high mortality that surrounded two other districts with very low mortality from heart disease. This variation is explored in table 1 which shows the rank correlations between standardised mortality ratios for heart disease and serum cholesterol, smoking, and blood pressure separately for men and women. Cigarette smoking stands out as being most strongly associated with heart disease mortality for both men and women. The only other coefficients approaching statistical significance were diastolic pressure in men and high density lipoprotein cholesterol in women (significant at 1%) The latter is a curious result because of the large difference in the size of the coefficients for men and women. Total cholesterol showed a weak negative correlation with heart disease mortality. However, the district mean total cholesterol concentrations were uniformly high for men (range 6 1-6-5 mmol/l) and women (6 3-6-9 mmol/l) and would not be expected to contribute to the regional variation in mortality. Table 2 shows the relation between the socioeconomic variables obtained from the census that were associated with heart disease and the major risk factors. Two census variables, percentage male unemployment and percentage social classes III-V were selected because they ,had independent explanatory effects in .an earlier study. 6 The importance of these variables was confirmed in the present survey data (table 2) and, as previously, male unemployment is more strongly associated with heart disease mortality. The relation between-these social variables and the major risk factors for coronary heart disease also shows interesting results. Among men these social factors are strongly associated with mean diastolic blood pressure and the percentage of ISignificant at least at the 5% level (p < 0 05).
Geographical clustering of riskfactors and lifestyle for coronary heart disease in the Scottish Heart Health Study Table 3 shows the association of coronary heart disease mortality with dietary variables. The variables shown are either individual foodstuffs recorded on a food frequency questionnaire or nutrient values estimated from the questionnaire by a method described elsewhere."9 Several variables show strong associations with heart disease, and, as might be expected, all these variables are themselves highly correlated. These dietary associations are similar for men and women.
In contrast with the similarity seen with diet there were considerable differences between the sexes in the association of heart disease mortality with the other lifestyle features (table  4) . Among men there is a moderate positive association with alcohol but for women it is weak and negative. In fact alcohol consumption in women was low with little difference between the districts, so that no association would be expected. Strong positive associations with obesity and strenuous physical activity at work and leisure are only seen among women.
. Several biochemical variables showed associations with heart disease mortality (table  5) . Ofthese creatinine, both serum and urinary, showed strong associations only in men. The strong negative association with urinary potassium was found for both sexes. Only weak associations were found for unnary sodium and plasma fibrinogen.
The important questions that the univariate tSignificant at least at the 5% level (p < 0-05).
BMI, body mass index. A similar analysis of the data for women showed a similar pattern in which groups of factors were closely associated (data not shown). Smoking correlated positively with obesity, consumption of lard and white bread, and negatively with urinary potassium and vitamin C. The multiple regression models for women produced much more complicated results than those for men (table 7) with many variables showing an association with heart disease mortality that was independent of the first variable fitted. This complexity is difficult to interpret in detail but it suggests that there may be more than one grouping of lifestyle factors associated with heart disease mortality.
Discussion
This study has found a complex pattern of associations between coronary heart disease mortality and a variety of social, lifestyle, and biochemical variables measured at a regional level. One advantage of this study is that, because it included women as well as men, the results in the two sexes can be compared. Ofthe classic risk factors only smoking emerges as a strong explanatory variable and its effect is stronger for women than men. A limitation of this study is that the analysis is based on data for groups not individuals. It will only identify factors that explain regional differences and consequently factors that are important at an individual level would not be identified if they varied little between regions. There is, however, a large geographical variation in the mortality from coronary heart disease in Scotland, and the purpose of this paper was to try to explain it. The only comparable cross sectional study is the British Regional Heart Study, which investigated men only. It found an association with smoking but it also found a rather stronger effect with systolic blood pressure."' The range of systolic pressure among the 24 towns was considerable (from 136 to 153 mm Hg), whereas the range was narrower in the present study (129 to 138 mm Hg). The present study found that only mean diastolic blood pressure among men showed a moderate association with mortality from heart disease. In neither study was there any association between regional values of total cholesterol or high density lipoprotein cholesterol and heart disease mortality in men. Cholesterol concentrations in Scotland are uniformly high'6 and do not contribute to the regional variation. These high values of cholesterol are important in explaining Scotland's position at the top of the world league for heart disease mortality.202' In women too total cholesterol was not associated with coronary heart disease mortality, so that the observation of a strong negative association of high density lipoprotein cholesterol is interesting.
The importance of social factors in the explanation of the geographical variation in mortality from coronary heart disease raises the question of the lifestyle features that underlie this. The difficulty here is that many lifestyle features vary in concert. For example, a diet containing a high content of saturated fat foods (lard, sausages, and eggs) tends also to be one low in fibre, fresh fruit, and green vegetables. Thus all these variables are associated with mortality from coronary heart disease in both men and women. One unexpected finding was the inverse relation between serum creatinine and mortality from heart disease among men. High serum creatinine, through its association with hypertension, might be expected to correlate positively with heart disease mortality. However, the association between serum creatinine and mean diastolic blood pressure was weak, non-significant, and inverse. Further, serum creatine is not just affected by renal function but also by diet.' Further, mean serum creatinine shows moderate negative associations with current smoking, unemployment, and the consumption of eggs and lard.
In these circumstances it is difficult and unwise to choose a particular factor and attribute to it the variation in mortality. Thus although vitamin C emerges as the dietary factor most strongly associated with mortality its effects are interlinked with the other dietary factors and with cigarette smoking. The association of alcohol and of egg consumption with mortality in men could in part be due to an association with other factors but in the multiple regression madela both exerted consistent independent effects.
The pattern of associations of variables with themselves and with heart disease mortality in women is as complex as that for men. There was considerable overlap with the men in the variables showing a strong association with heart disease mortality; however, some variables (obesity and high density lipoprotein cholesterol) do so only in wonizn. A review of myocardial infarction in women concluded that the classic risk factors for men were also important for women. 23 The review also suggested that high density lipoprotein cholesterol and triglycerides were also of importance but obesity less so. The finding from this study of a grouping of factors of which obesity was a prominent member could suggest that obesity may be more important than previously recognised or that the risk factors among Scottish women may differ from those elsewhere. This could be important in view of the specially high mortality from heart disease among Scottish women.20
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